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PREFACE. 


Dr. Hanlfin having retired £com aarvioo in India the work of editing this 
memoir baa principally devolved upon me. In going through the manuscript 
and platea it occoired to me that it might be of interest to the reader to 
see how these Saraoenio patteme, the oonetiuction of which has been ao ably 
deectibed by Dr. H a nldn in the following pagea^ can be adapted to modern wall 
or ceiling decoration. I have, therefore, introducied a plate (Plate XIV) showing 
two photographs of the Club at Agra, of which Dr. ffanlrin was a member 
for over twenty years and in which he supplied designs of his own conception 
or copies of ancient patterns from Fathpur-Sikri, Sifcandra and elsewhere for 
the decoration of various rooms. 


J. F, BLAKUSTUN, 

Offg. DepiUy Director Getterat, 
Archtxolagical Survey t>J Indio, 


Sept, 22,1923, 
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THE DI^WING OF GEOMETRIC 
PATTERNS IN SARACENIC ART. 


INTRODUCTION. 

AnE of tlie nuw'i cliaractBnsticfl oi Saracenic art in its unlveraal employ- 
^ ment of geometric pattema often of amazing complexity. A reaaon foe 
the employment of eucb pattema » that the portrayal of living thm^ ^ 
forbidden by the Muhammadan religion. That a geometne^ ^ttem tea y 
comes monotonous by .epetition goes without saying. Vanety, tterefore, was 
indisperiauble. and this desire for ^-ariety inevitably Iri to the 
new Mid complicated designs, so subtly complicated that it is ha^ly 
in some cases that the ordinary person could appreciate Uieir mcety or dirtm- 
guish. for example, between a pattern that contained iS-poin^ and one that 
tmtained IS^pointed stars, or understand the purpose o£ changing a :^me 
of 10-pointed stars to one of eleven. 

As to the origin of Saracenic patterns, Captam Creewell of the Kgypt|«i 
Arcbseological Department kindly permits me to take the foUowmg quotation 
Wu a very interesting" letter he has sent me on the subiect 

“The researches of the last twenty years have made it abundantly clear 
that the Arabs brought nothing architectural with them from Arabia but t ir 
very simple ritual requiiymenta. Moreover, the armies of primti^e Is 
were composed of Bodwin, chiedy fmm the heart of eastern J^bia knowing 
Mubanimad and the QurSn merely by name, who bad gathered toother, 
to take part in a religious war for the propagation of the faith, but m .he 

hone of *OTtifFing their luat for loot . Of Ijuildings of a pcrnianent nature 

daring fro^ the earliest period we have Qu^air 'Amra found by Kusd Th^ 

building, a royal bath and resting house, is of simple pLm ; it is roofed vnth 
tunnel vaults and a small dome, and. moat remarkable of a I is 
with figures, painred by Byzantine artbts, indudmg one 

there ^ Inscriptions in Greek and Arabic (date 712^715 A-D.) but everyt^ 
is quite Byzantine. Slightly earlier is the Dome of the Rock at Jeru^em, 
which wasoneo decorated without as well as within with Byzantine gold mo«ucs, 
and the great mosque at Damascus was decorated in the same way. ^ ^ 



a THE DBAWINQ OS' GEOMETBIC PATTERSta VS BAEACEKIC ART. 

"On the Penian iront it was to .the Perakoa that the Aiaba tumed for 
help. The first man with ambitions in the ATchitectnml line on this front was 
Zifid ihn Ahihi, Governor of Basra, who about 60 A.D. emplo^d PeisiiiLn 
workmen, and among them a man who had been a builder to Chosrocs, who 
recommended the cutting of columna from Ahwaz marble, etc., etc. 

The only tnilj' Arab period was the Umay^d, and this dynasty came 
to an end in 750 A.D. After this the Abbasids came and founded Bagbil&d. 
the whole centre of gravity was displaced and af the present day we cannot 
point to a single Muhammadan monument in Syria between the eighth and 
the end of the eleventh century. 

After the fall of the Umayyad dynasty Persian influence dominated, the 
superior brain power of the Petsians displacing the proud but useless Arab 
grandees, and everything took a Petaian tinge. 

"Gradually, very gradually only, Muhammadan urchitectura was boro, but 
it took two cento nes to acquire a diatinctivo character. Sdmanii succeeded 
to Baghdad about 606 A.D. Sarre and Herxfeld have excavated SSmarrfl. and 
their publications and those of Viollet show that the geometrical interlaced 
straightiine ornament had not yet been bora there, 

“The first building in Egypt to deserve tl^e name of architecture was the 
mosque of Ibn TQlfin, which eihtbits the dominating influence of flfltnarril, 
Ibn TQlDn’s former home. TfllBnide ornament is murtruted in my article m 
the Indim Antiquary wherein I puhlmhed a short note with three plates. The 
lattice windows of fin Tulfln belong to two periode : 876-6 and the rostoration 
of I^gin in 1296. The earliest ones are based chiefly on compass work; ai 
A1 Ashar the oldest work vs not geometrical. In A1 H^ilcim’a mosque (680-1012) 
we got^ the first truly geometric ornament. It occurs in stone, one or two 
grilles in the north minaret being pierced with a simple six pointed star which 
may possibly he derived from prolonging the lines of the "Shield of David,” 
until they strike a ctrcumacribcd circle.* The basia here suggested actually 
forma the chief decorative motive of the ao-caUed " Gates of Sonmath " broa^t 
to India from Mabmild^s mau^^loum at Ghazoi (997-1027). 

" '1^5 simple grille ia the only thing of its kind which certainly dated from 
AJ-Hakim except some simple windows. Tlie first dated example in wood is the 

mimbar at Hebron dat«l4S4 AD,) . ...liThen we come to the middle 

of the 12th century we get eight and ten pointed stare, e.g,, on the pulpit in the 
Aqaa mosque at Jerusalem made at ,41eppo in 1108 A.D. 

“But during the Fatimido period in Egypt (966-1172) patterns such as 
tbi3 are mre in woodwork, quite different clecoration heing emptoyei!, Kich 
examples of this sort of thing, executed in stucco, are found in Persia at this date 
Interesting, also, is the mitnbar of the mosque of Sidi Okha at Kairawan. {.SoJ 

Flury “Die (JraameiiVe tier Haim und Aziar MoseJux" and Saladin^a mtmo- 
graphj. 


• Tlili pvtliim ikawn ui FUte I, Fig. 4. 
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One liiBt and ^cry sigDificant pointy nearly all the technical words in 

Arabic used as architecturaJ terms are of Persian origin 

It is saipriEULg that;, despite the complexity of Saracenic patterns, the 
geometrical knowledge required erther for drawing or for dcaignmg them is 

fldiBil. Any one who can dmw one lino perpendicolar to another, who 
describe an equilateral triangle^ and wbo can bisect an angle, is capable oi 

copying these pattemfl and| with the methods about to be described, of de 
signing new ones. Formal methods of making pentagons or heptagons, such 
as may be Found in worba on geometrical drawing, prohably were not employed. 
If it is required t>o draw such figures, or any other polygons, aU that is 

necessary la to describe a cdrele and to- divide its ciremnierence into the 
quisite numl>er of equal parts, by trial and error, with the help of ordinary 
dividers. 

That the builders of the Taj at Agra were incapable of drawing the parti¬ 
cular clasa of pattern about to be described aa geometrical arabesque'^ seems 
probable. The method of drawing such patterns m quite unknown at the present 
day in India and during a visit to Cairo, some years agp^ I found no evidence 
that it was known to the Egyptian workmen. They ^ere making beaiitifol 
proilucta of Saracenic art, but appeared never to atteiLpt to reproduce the 
more complicated pottems that had been iiBed by their predece^ns. Lack 
of knowledge of the methods appears at^ to handicap European artist when 
copying the marc elaborate achievements of Saracenic art. For instance^ l^risse 
d^Aveanes, in hiB magnificent w'ork La A rain* , giye& a series of colour¬ 

ed plates. Of these, M contain geometrif^ patterns of which no less than dO 
belong to the classes of patterns that are easy to draw, namely the hexagonal 
the octagonal and the decagonal. The only liook known to me containing a 
large collection of the more complicated dealgns is Lc traU dej entrelacs by J. 
Bouj^oin. This 'book contains 190 plates of geometric pattems shown as plain 
line engravings without colour. But elsewhere one looks in vain for illustra¬ 
tions of the more complicated of these patterns in decorative work, the fact 
being that in aelecting these designs for illustration, the European authors have 
almost invariably chosen thoisc patterns which are relatively eoey to draw. 
Bourgoin^s drawings are made with wonderful skill and industryp but the de¬ 
scription he gives of the geometrical construction of the pattema m of httlo 
practical use ami serves merely to show how his remarkable skill a drafts¬ 

man has enabled him to surruDUnt the difficulties of his task. 

Of Saracenic patterns these made on hexagonal ami on octagonal bases 
are drawn with ease. Any one who will devote a little trouble to the aubjec 
mn without difficulty find methoiis as good as or better than those described 
below. But there k another elaea of pattem* of the first importance in 
Saracottic art- that is peeidiar to this schoob ^ud which I propose to 
ilesignate by the name ** geometrii*al ambe^que The urigicial method of con¬ 
structing these partems Im^ long been forgir^tten and in ita absence the work 
of reproducing them U mo^ht lahorious and difficult. During visits to Fathpur- 
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rt iirr i nuny jreara ago, I* spent much tLmie in meusuiing the angles and mating 
tracingB of these designa but always failed to find any rattonal scheme by 
which they could be constructed. At last, by good fortune, I happened to 
enter a amall Turkish bath attached to Jodb Bai's Palace. It had previously 
been inhabited by Indians, who had only just been -^victed, and I was probably 
the fimt EngliidimAii to visit the place. In one of the rooms of this bath 
was a half-dome decorated by a Haight line pattern. In addition to the 
pattern, some faint scratches were HiHCoversfl on the p|A.ster, Obtaining a table 
and chair and a piece ol tracing paper 1 succeeded in making a copy. On 
closer examitintioQ these scratches were found to be parts of polygons, which, 
when completed, surrounded the star-shaped epacos of which the pattern was 
composed, and it turned out that these polygons were the actual construction 
lines on which the pattern was formed. As will be explained In detail below, 
in making such patterns, it is first neceasaiy to cover the surface to be de¬ 
corated with a network consisting of polygons in contact. Then through the 
centre of each side of each polygon two lines are drawn. These linra cross 
each other like a letter X and are continued till they meet other lines of 
dmilar origin. This completes the pattern. The ori^nal construction lines are 
then deleted and the pattern remains without any visible clue to the method 
by which it was drawn. 

After considerable labour in working out details I have at length ela* 
borated the method by which one can draw complicated arabesque patterns 
and even design new ones. The room in which this clue was found is very 
dark, so perhaps this is a reason why the artist carelesfily forgot to obliterate 
his conatruction lines, which have' lasted for three and a half centuries and now 
give ns an insight into a forgotten art. 

j. HEXAGONAL PATTERNS. 

We will commence with hexagonal patterns, which are perhaps the easiest 
of any to draw. To make such ii pattern, begin by covering the space to 
be decorated by a number of oblongs of the shape shown in Plate T, Fig. 1. 
This is done by drawing two circles ef the same radius and overlapping each 
other, BO that the centra of one lies on the circumference of the other. The 
two circles intersect at C ami the line joining C with the centre .4 makes an 
angle of 60 degrees with the line AJB. The oblong is drawn in, os shown 
by the dotted lines and its diagoual makes an angle of sirty degrees with 

the base. It may, therefore, be referred to as the '* 6()-degree oblong.'’ 

The space to l»e decorated must be so proportioned that it will contain 

s whole utunber of such oblongs. For instance, the panel shown in Fig. 2 
contains tlixee of them. If the apace shtmld be a little wider or a little higher, 
£0 that the three oblong do not exactly fill ft, ft wilt be unauitable 

for a hexagonal pattern, unless a lai^ number of sixty-degree oblongs drawn 
to a smaller scale can be maile to (irodtice an exact fit. 
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Fig. 3 shows the method of constructiag the simptest hezagonuJ pattern. 
The original oblong is ABGD and each side of it U divided into three parts. 
Cross lines are drawn from these divisions both horizontally and vertically and 
thus the space is divided into nine smaller oblongs. The diagonals of the 
oblongs are now drawn. By this means we cover the space to be decorated 
with eijuilaterai triangles, some of the sides of which are used to form the 
'pattern as shown at £ and F. 

The pattern consists of hexagons in contact, and each of the four comers 
of the. pane] corresponds to the centre of a hexagon. If two, three or more 
repeats are used to fill the panel, in each case the comera of the pane] iC' 

variably coincide with the centres of hexagons of the pattern, and a funda¬ 

mental rule in the use of these patterns has been observer]. 

The modem craftamen of Agra usimllT employ hexagonal patterns, but 

they are ignorant of the correct method of drawing the sixty-degree oblongs. 
They begin by covering the apace to be decorated by oblongs the sides of 
which are in the ratio of two to three. Hence the diagonals form an angle 
with the of a little less than sixty degrees. The leaning patterns appear 
to he correctly drawn on a cursory inspection, but, if.- the hexagon* are 

measured, it will be found that two diagonals out of the three are of the same 
length but that they differ slightly in length from the third. By measnriHg 
in this manner modem work can generally l« disringuishefi from old. 

A commonly used hexagonal pattern is shown in Fig. 4. It consists of 
six-pointed stars and hexagons with each coifaer of the repeat corresponding to 
the centre of a star. The repeat ABCD comprises four horizontal rows cjf six 
00* oblong. The area of tlie repeat of this pattern, namely EFitH, has a 
diagonal FH which makes an an»te of abijut 50 degrets with the base, (An 
angle of OO® is indicated by the line FK from which it may'lw readily seen 
that th in pattern of the star and hexagon is suited to panels differently pro- 
portioned from those required for the simple hexagonal pattern' of Fig. 3.) 

The utility of this method of constraction is exemplified in Fig* S 

where the same pattern is drawn in perspective. The panel is made up of 

three repeats of the pattern. Each end of the panel is divided into four 

parts and horizontat lines are drawn to join the points of division. These are 
not parallel to each other hut would meet, if prolonged, at a point outside 
the figure. Vertical and diagonal lines are drawn in as Itefore and from this 
ground-work the pattern is easily completed. 

An hexagonal pattern often used at Agra is shown in Fig. 0. In this eftee 
the repeat iucludes six rows of six sixty-degree hexagons and the diagntial 
of the repeat make? an angle of eixty degrees with the base. 

Jn Pig. 7, the pattern haa a repeat consisting ot seven hnriiontal 

rows of seven sixty-degree ohlonga The pattern includes hexagoue, large hexa- 
gonui stars and diamonds which correspond to the constraction lines, It h»s 
in addition smaller hexagonal staia which are drawn independently of the 
origioiil ctmstruction lines. This paiteni is taken from £«• rfw enfrtlacs ” 
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by Bomgoin, Plate 20. Another hexagonaJ pattern, in whii^ some of the linen do not 
correapond with the original conetniction, ia ahown in Fig, I of my paper 
" On sime dtsamnet oj tnOAoda oj in Mahtmmcdan Art " (Jonnml of 

the Royal Society of Arte, 1905, Vol, 63, p. 4611. Thin pattern in to be 
seen in the so called “ bimdman's-bul! house’' FathponSikii where it is 
used in a lattice'worlc window opening of red atone. 

^metimes, instead of being arranged with their longer sides in a vertical 
pomtion, the siity-degree oblongs may be laid horizontally,, as shown m Figp S 
where it- will be noted that the diagona] of the repeat forma an angle of 
60 degrees with the base. This pattern was foimd in ft tomb near Delhi, 
In Fig. 0, is shown a pattern ’ that occurs frequently at Agra in stone 
trLllis balustrades. Here the area ABCD consistB of two repeats divided bv 
the line EF, ^ 


3. OCTAGONAL PATTERNS. 

The repejit of octagonal patterns ia savariably a square and, therefore, their 
nse is restricted to spaces which are either square in shape or are made up 
of any whole number of sqxmres. The rimplest octagonal pattern consists 
of octagons in contact leaving squares between them as " residual spaces ” as 
•hewn in Plate II, Fig, ll. A method of drawing this pattern is illustrated 

in Fig, 10. Here the surface is divided into squares and the diagonal 
of a square is drawn and then pcolonged as at CD. The diameter of the same 
square is likewise prolonged as at AB, and 0 is the centre of the square,' 
Trom the centre 0 draw an are of any convenient size (EF). With £ and F 

as centres mark off two arcs, which will intersect at G, and then join OG, This 

line GO cuts one side of the square at L. From the adjacent comer H draw 
a circle with a radius LH and repeat these circles at the comerB of the other 
squares. In each circle inscribe a square as shown at K by dotted lines. 
These squares and the lines joining them together form the octagons which 
are shown in Fig. U. 

In Fig. 12 is illustrated a pattern formed by octagons superposed, Tbia 

pattern ia found in the pavements of the pathways in the Taj Mahal garden 
at A|^. The design is made by repeating the previous oonstructiou in such 
s poaitioD that the centres of the second set of octagons coincide with the 

centfeii of the oiigmat squares. 

Another pattern can also be made by octagons in contact, in this case 
by their angles aa shown in Fig. 14, and not by their aides as in Fig. 11. 
To draw thK pattern, the area to be decorated should be covered with 
squares and in one ol the squares a clreie, as shown in Fig. 13, inscribed. With 
its centre at the comer of the square then describe the small circle ABCD 
with such radius that it touches the larger circle, and repeat these cirdes at 
the ^her comers of the squares. The cireamfereneoa of the small dreles, it 
will be seen, arc cut by the diagonals of the squares, as at the points A, B. 
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C and D. If theea points are Joined to similar pointa out neighboudng circlea 
by lines such aa AEt BG and EK and all the circles are treated in this whj, 
the pattern (Fig* 14) will thereby be completed. 

A pattern may be formed by octagons 'overlapping by two sides as depicted 
in Fig. 16. To draw it cover the surface with sqimres as indicated by dotted 
Lines in Fig. Ifi and sorround each group of four squares by a circle. In 
each circle describe un octagon as shown in the figure. It may be noticed that 
the circumference of each circte is divided into eight equal parta by the dotted 
linea forming the ground-work of squares^ so with this foundation the drawing 
out of the octagons pnF^iifcs no difficnltT. 

The design ^howii in Fig, 18, occurs frequently in perforated atone Bcreena 
OF bnltistiades in Agra* and the method of drawing it is Ulustrated in Fig, IT* 
Commence by covering the surface with ocUiagons with their aides in contact 
and at intervals superpose on these octagons other octagons as A, B* €- 
and Dp The centres of the original octagons arc then |omed in such a way 
m to form the squares F and G, The remaiTiing lines needed to complete 
the pattern can be easily seen. 

Plate III, Fig. 19^ illustrates a pattern mu(!b used in perforated stone 
screens at Fathpiir-Sikri. The pattern consists of overlapping octaguns, which 
have to overlap so far that the resulting squares AA and Bfi are of the same 
sli&e. To draw' the pattern the panel is firet divided into squares and the ^de 
CD of a square Ijisected ut G and the ad|a€ant side DE at F- GF is then 
joined and the diagonal of the square CE drawn in. The angle ECD ia 
bisected by the Hnc CH and this line cuts GF at the point J, giving the 
distance CJ as the approximate radius of the octagon requiredp The drawing 
in of the octagons is Wgun but^ if the resulting squares A and B do not turn 
out to bo of exactly the same siasc, a correiiiion in the size of the octagons 
is requiredp This may easily be done by drawing circles round each of tho two 
squares. If the squares are not tdontieal the circles wiU be found to be of 
difitereut sixeB and a circle of intermediate sixe should tfaefrefore be described* 
The sfpiare drawn in it will he correct and will indi^^tD the size of the 
desired octagon. 

It h noticeable in Paratenic art that if two pattern spaces of identical 
shajie oociir together in n pattern# they must be either of idcDtical site or 
widely diSorent. If, in the present pattern, the small squares were nearly 
hut not quite equal in size the aesthetic effect of the d^^qp^ would be greatly 


lessened. 

Many of the more complicated octagonaJ patterns include octagons of two 
sizes. These are related definitely to one another in size and the relation 
is shown in Fig. 20. Here opposite angles of the large octagon being joined 
by linos produce an eight-pointed figure, which frequently occurs in these 
patterns and which may be referred to os the octagonal star.” The small 
o^agoa IB of such dimsnMon that, if ita centre is at Ap one of its angles B 
fits into the space between two potnta of the octagonal stnr. 


8 THE PIlAWINa OF OEOMETBlt^ FATTERUa IN SAEACENIC ART. 

Ac example of th^ use of large and snmll octagons together ta shown in 
Fig. 21, The panel , is divided into aqusrea in which are drawn octagons in 
contact by their sides ; these fonn the large octagons of the pattern and aie 
shown at A in heavy iinea. Alternate octagons me onntted by leaving out some 
of the lines, which are indicated by dots. A wmall octagon C D F tj H J K 
having its centre at L, one of the angles of the large octagon, is then 
formed, but only eii sides are drawn in, the sides between C and K being 
omitted. The six aides of other small octagons each having os a centre one 
comer of a large octagon are then drawn, and a , lew additional lines, whoee 
position can be easily seen, are all that b needed to complete the pattern 
08 shown at B, 

A pattern may he formed by octagonal stars m contact as illnstratad in 
Fig. 22. This pattern occurs in black and white marble inlay in the pave¬ 
ment of the central chamber of the Taj at Agru. 

In Fig. 23, a pattern Is shown in which octagonal stars ore combined with 
straight lines. It b taken from the wall of the Court of the Lions in the Al¬ 
hambra, (copiwi from The dIAamhru by A. F. Calvert, London, John Lane, 
pp. 24J and 373). Thb pattern gives a striking illustration of the care exer¬ 
cised by the Moorbh artists in preparing their designs. The space b covered 
with squares as shown by dotted lines, but only certain of these lines ere ni jed 
to form the pattern and an error b thereby produced necessitating correction. 
At A b shown an acbagonal star the adjacent points of which, at B and C, 
ore of slightly lirffetcni dimensions. This b n fault, as any one might think 
that an attempt hod been made to draw a S 3 mm]etrical star and that the 
attempt had failed. In the next octagonal star in the drawing at D, thb fault 
b corrected, all the eight points have l>een made the iiame size and meet the 
suironndii^ cjirie. But now a new error is introduced. The line EIF b 
nearly but not exactly in line with GH, and similarly IK is not exactly 
in line with LM. The impression is given that the lines were intended to be 
in line but were inacctirately drawn and so GH and LM snd other analogous 
lines have to be shifted slightly. For thb reason therefore the line NO has 
been drawn parallel to, but oft the origina] construction line in order to bring 
it into line with PQ, and oimilai corrections have been made in other parts of 
the iUustration. 

The design depicted in Plate IV, Fig. 24, is found in a beautiful white 
marble trellis-work screen in the tomb of Itimad-ud-Daula in Agra. The pattern 
includes laign and small octagons. The former overlap by two sides and 
are coustructefl somewhat di&rently to similatly overlapping octagons 
described in a previous paragraph. The panel is covered with squares and 
the diognual of one of them, AB, having boeu drawn, the angle CAB is 
bisected by the line AI), With the centre at B and with radius BD describe 
a circle and repeat thb circle in equivalent positions os ahown in the figure. 
As indicated by dotted lines, points on the ctnumferences of the circles are 
joined, thereby forming large octagons overlapping by two aides as shown at 
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G« Id order to find the size of the Email octagon rei]uir^d| prolong the line 
FO until it meets the dotted line JH at K j JK will be the radiiie of the 
email octagon. Similar small octagons are drawn cotind points similar to J, F 
and H, and the resulting octagonal starsp M, M, are filled in with a Avastika. 
The ciiompieted pattern is shown at L. 

In adapting this pattern to marble-work the masons fir»t carved out certain 
of the Hides of the large octagons leaving them in relief while the remainder 
of the surface of the marble was lowered by about half an inch. Thus was 
formed the pattern ahown at N, which occurs in this form elsewhere, for instance 
in the Jwlh Bai"s Palace at Fatlipiir-Sikri. In the present case, however, 

the rnawms wished to uae the rest of tlie original pattern as well but, owing 

to the thickness of ^bese lines, the space available for the remainder of the 
design was lesa in area than in the original drawing. The Email octagon was 
therefore not drawn with its centre at a point corresponding to J, hut the 
part of it included in the patt'Cm-space S wras drawn with the centre at P, 

and that part of it in the pattern-space K had its centre at Q. In order to 

find the size of the new (unall octagon required, from the centre S with the 
distance SP describe a circle and within this cnvte inscribe an octagon UV, 
This octagon represents the original large octagon lessened in size to cor- 
respond to the new pa item-space. By joining TP and XU the two lines will 
intersect at \\\ and PW is the required milius of the small octagon. The 
completed pattern is shown at Y. 

In n perforated 8t<ine ficreen tn the vestibule of Aklmr's tomb at 81 Land ra 
there is n somewhat similar pattern. The screen is of stone painted in red and 
gold, and in illuatmt-ed in Figp To construct the pattern^ the panel is covered 
with octagons in contact by their sides as indicated by dotted lines, alternate 
dtagonals of each octagon heing drawm in and shown by continuous Unea. Theae 
latter form the principal lines of the patteni, and their arrangement is identical 
Ui that of the thickened bars of the pattern just described^ As show^n in the 
cotietruction of the previons pattern, they may bo regarded as having been 
fonned by parts of large octagons overlapping liy two snd tiie original 

octagons depicted by dotted lines, therefore, correspond to the smsti octagons. 
As in the case of the foniier design, the pattem-npace for the ssuall ot^tagona 
is ieatri<‘tcd owing to the greater thickness of the bars, and the small octagons 
consequently have to Ije diminished in size* The length of their radium is easily 
detfirtnined b^^ joining UE and hisecting It at A. h^rom the point A at the 
distance AB describe a circle, which Is shown as a dotted line [ FC is the 
required radius of the Email octagon. The remaining tines of the patteni eonflist 
of octagonal stars with lines connectiDg them. 

The thickened bars of the two prewling patterns make angles, wldch are 
obviously similar to those made by the iiu^ifcing of two sides of an octagoni 
and henca these patterns may be consider'd as having been formed from 
gone of which only two sidea are drawn, A like deacription applies to the 
next two patterns shown in Plate V, Figs. 2d and 27* In order to set them 

ct 
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out tho epace to be decomted m covered with si^imrea. At the comere of 
each square U drawn a letter X, whose obtuse angles are aqiial to those of 
an octagon. This can eaaUjr be done hj the use of a template out out in 
card-board to the shape of an octagon. Whether or not the ancient artiste 
who designed these patterns, used templates is imoerUin but, peraonally, 1 have 
fonnd templates of great assistance m discovering the method of constructing 
Saracenic designs and they would probably also save much labour when do- 
signing new patterns. In figs. 2B and 37 the poswble method of utili^ng 

octagonal templates is indicated by dotted lines. These two patterns have 
onlv been seen by me in the older buildings of Fathpitr-Sikti. 

3 . GEOMETRICAL ARABESQUES. 

It will have been seen that the methods required for drawing hexagonal 
and octagonal patterns are readdy disooveied, but we now come to a class of 
patterns that can only be set out by a method that is not immediotely apparent. 
In a previouB paragraph 1 have mentioned the tneky chance by which the clue 
to their construction lines was dlacovcred, 

A ve^ simple design of this class is shown in Plate V, fig. 28, The 

oonstnictiQn lines, which are shown as dotted lines, consist of octagons in 

uoiitact and they must be eo arranged that each of the corners of the rcjieat 
corresponds to the centre of an octagon- To construct the pattern, two linea 
must he drawn bisecting each side of each octagon and crossing each other 
like the letter X. Each of these linea le then prolonged till it meets another 
nattero line and the octegetns having been deleted the ' pattern is finished. 
The only doubtful point that ansea is in what direction the lines forming the 

letter X should be drawn. On referring to the illustration it will be 

sMn that the pattern lines AB and CD arc in line with one another, and 
that they pass through the points E and F, which are centira of sides of oo- 
tagons. These lines also lie parallel to a diameter. of the octagon GH. All 

the other linea of the pattern can he ainiilarly rlrawn in without difficulty. The 
construction lines of this pattern consist of octagons with “ residual spaces," 

which are squares. Each octagon gives rise to an eight-pointed star and each 
square to one with four points. 

It is convenient to restrict the rk-Bcrii>tion " Geometricid arabeaqne " to patterns 
formed in this manner, namely with the help of construction lines consisting of poly¬ 
gons in contact. Apparently netiriy every conibination of polygons can be made.tlie 
basis of a geomutrical arabesque design provided that the " reaidual spaces ” 
are fairly gymmotrical. The ^l of the Arabian artiwta in diucrivering 

suitable combinations of polygons is almost astounding. Bourgom's work, Le 
trait des mtfehes, contains a large but by no means exhaustive collection of 
arabesque desigiui, nmoug which are no less than four different patterns based 
on combinations of dodecAgtms, heptagons and Ifl-gons. There are also two 
patterns liased on 16-guns combined with decagons, and six patterns are based 
on 14-gons. in other pattemn jjolyfgons of 15, IS, 20 and 24 sicks are need. 
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Tho next geometiiTal Eraljei.(ine pattern to daiiu our Htteotion b ba^ on 
octagons and irregular pentagons, wbicli arc flbovm in thin lines m Fig. 
will be aecn that the octagons arc the basis for eight-pointed and the 
for fi-e-pointed stai^* To set out the pattern the following proccilure shoidd be 
adopted. In the right-hand half of Fig. *29 the cnmpleteii pattern .a aho^. 
and in the other half-tho square ABCD-the construction lines. Each comer 
of the repeat of the pattern correspomla to the centre of an cight-iny R r, 
a quarter only of each of which is shown in the figure, .md m the square 
ABCD each corner of the sqinire eorrespomia to the centre of an 
which again only a quarter nf each is drawn. It b necessary that the octe- 

Ron« should I* of such a aiise that the distance from one .jctngon t<. the n^. 

XY is equal to the Jenglh of a side of the octagon, as To find 

out’the required sbe of the octagon* comment by drawnng m the d^agona^ 
of the square AD and bisecting the angle BAD by the bne EA On h*^ 
then mart ofi a dbtance AF equal to one-thml of the length of the ^de o 
the square AB, and from the point F draw the line FG perpendicular to AE 
FU ^te the diagonal at the point H, and AH b the appruxiimte ra^us of 
the octecron required. Witli the drawing in of these octagons, which, with the 
diagonals'’of the square, divide tbe remaining space into irregular j^ntaj^ns, 
the primary constTuction lines are complekd. The secondary construction 
indicated by dotted lines, consist of certain eirclea, the two diameters o he 

sonaii' and the interradii of the octagons. With each of the comere of e 

^uarc as centres and redli equal to half the aide of the square draw the 

drcles NN. end irith the pnint where the diagonals of the square cut one a.i‘ 
other as centre describe the rirde 4) in such a manner that it touches the 
circlcH K. Then draw in the interredii of the octagons, such as BW iind 

^'"*The first pattern lines‘to l-i drenti ore JK and LM which are in line 
with one another and puss through the points W .red W To 

thL lines should end extemnlly ilraw the line FL. wbcb ,the cire 

cumference of the circle 0 at two points. One of these points {T) is where 

the circle b cut by aa interradius of the square, and _other »a the 
• fr where it b cut by a diagonal* The two lilies VL ami ML end where 
toev meet one another. Then with the centre C and the ili^Jt« CL de^nba 
a circle Q atid repeat tlib circle in th.' other octagons. All the rays of the 
* W:nninted stars will end outwardly on these circles Q, tj. For instance the 
Unes RS and Til are draw-n in line with »ni* another and end on the cirelea 
ng externally and on intemulii at R andU internally. The only rvuuimmg pa tern 
line, are IhiL required to noiiipletc ihe octagon drawn in the circle O. Ihese 
W .n each ^TiRc are prolonged tUl they meet u star rev on one of tile 

U.C two geometrical amhesques just descried the repeat was a square, 
.nd. Ittem.* tli^tefore. can only be used tor panels which are square or whid, 
I u al up oI . number of squares* The pattern m F.g. 2h is drawn with 
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the lincii Interlaced, each liiuB paafllrtg attcmiitely over and under each line tliat 
it meats. Almost all Saracenic geometric designs permit of tliis treatment, which 
adds, where suitable, to the aesthetic effect hy making the different p^irts of 
the pattern more interdependent than they would otherwise appear. That this 
treatment lb possible is due to tlw fact that in these designs, ** ilcad ernia 

tardy occur because, as a rule, each line zigzags its way through the pattern 

till it ends at the margin. Thus eai'h tine takes a |iurt in the fornintlon of 
several pattern-spares. In a pjittewi rontaining iimny “ dead ends” eacrii 
line only circumscril>e8 one pattern-space and tlioae with wliidi it is Immediately 
contiguous, thus causing the design to look like a nuiiilKr of pieces put together 
rather than one eoDtinuous pattern. In Baracenlc art the artists imdeavour to 
decorate a surface by modilying it, rather than by concealing it with 
struck'OU omamentationa. This probably is one reasDU for their convention 
that a whole nunilwr of repeaU of the pattern must be used in a decorattfd panel. 

An interesting example of how arabesque patterns shoiihl Httf lie drawn la 
shown in hig. 39A, The patteru occurs tn each of several paiielH in the ceiling 

o£ s room in a large hotel in Bombay, The designer, with misapplictl 

ingcnuitTp had attempted to make the pattern last described Jit ii space for 

which it was quite unBuited and in tills uttenqU made the fotlow-ing mistakes ;■_The 

octagonal star A is only partly included in the pniid. The general rule 
being that a symmetrical pattern-space should lie complete, or, ahould it 

ocenr alcmg the aide of a panel, exactly hall of it should lj« shown; or again, 
should it occupy' the comer of a paiiel. exactly' a quarter of it should appear. 

In either of these latter cases the eye can eaHiiy imagine the rest of the outliue 

and the aymmetty of the fiattem-spaoe is thus indicated. But in the pattern 
now under criticism, an irregular fraction of an oftagonsi star occurs ui each 
corner of the panel. The neighbouring spaces B and E are uf a climusv shape. 
In designing Saracenic puttertis one ahnuhl endenvottr’ always to provide pattern- 
gpacea that have at least a bilateral syinmctrr. At E, and at other points in 
the pat.tem, a line iomes to a sudden end. Thw should have been avoided 

fth usually in Saracenic art, us remarked abo^'e. there should lie no “ dear! 
eniJa ” of this description, each line running by a zigzag route through the 
pattern until it reaches the l>yrdcr, though occaaioijullv, os shown in Plate V't, 
Fig. 30, some of the pattern lines may form oloaed figures of symmutrical shape,' 

The result of adhering to these elementary' rules of design is that each part of 

the pattern is connected to and defjomicnt on other pans. It. is curious how 
these rulas are neglected by Western decorators, who no^ infrwjiiently will 
decorate an othurwise lieaiitiful building with a pattern consisting of stencilled 
dots and doshcfl recalling a Morse code mns.«Mige rather then an artistic product. 
To retuin to our pattern, F is a apace that isi neither n square nor an octagon, 
but is suggestive of a failure to dratv either of these figure-s. It Ib a very 
general rule that lines crosaing one anuther ahould he straight, but the linos 
GL and KM, crossing eaoh other at H, may b« deacrit»ed as bent lines. The 

cuatoni of avoiding bant lines adda to tbs difficulty of dsaigning Saracenic 
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pfttterDB but the result, the increased effect of inteftlepetidence of the different 
parts, is weU worth the trouble. 

The next pattern is based on dodecagons separated by squares, tnree 
repeats of the pattern being illustrated in *Plate VI, Fig. 30. Kach repeat has 
a dodecagon in the rentre and a quarter of a dodecagon in each of the four 
comers. The dodewipons hoee to he of such a sirx} that their sides are equal 
in lenglh to the sides of the squares M. M separating them from each other. 
The teijuWl alsre of the dodecagon can fje discovered by the following simple 

method :— 

In the drst rectangle ABCD, draw in the diagonals, which will cress each 
other at E. Bisect AE at F and HE at J and join AJ and BF. Then bisect the 
angle IL\J hy the line AH. which cuts BF at 11- From the point H draw a 
line HK making an angle of 45 degrees with FH and cutting EF at K.. Then 
EK is the redkiB of the required dodecagon and Ffl the radius of the square. 
These outlines are then drawn in as shown in the upper half of the rectangle 
and the free points of the squares are joined to the noighlmi^g free ^int 
of the dodecagons by Btraight lines, thus forming equilateral triangles aa illua^- 
trated in the next rectangle. As indicated at LLL, mate a dot at the centre 
of each aide of each dDcleeagon, square and triangle. All the pattern lines are 
drawn threugli these dots and two lines passing through each dot form a letter X. as 
shown at MM. The pattern should be commenced by laying a ruler on the 
dots M and (1 and drawing lines through these points. The line drawn through 

X hpifihes at one enil where it reaches the point F, situated on a tine ST, 

which joins the centre of the dodpcngon to the centre of one of its aidea. Such 

a line may Iw termed an “ interradius From the centre of the dodecagon at 

the distance P desrrihe a circle, .shown in dotted outline. All pattern lines 
eiiter’mg the dodecagon end at pomts where this ciiirle is cut by Interradit. 
The other end of the line PN continiiea to the diagonal of the neighbouring 
square, from the centre of which and at the distance the point where its 

diagonal meets the line in question, draw a circle Q. All the other pattern 
lines entering the square eud at points where the diagonal of the square cut 

the circle. In a like manner is drawn the circle R. having as centre the 

centre nl the irregular heiBgoiial space. These are repeated in appro- 

piiate places throughout the rectatigle. thereby obtaming points of origin 
and completion for nearly all iho lines of the pattern. It may bo 
observed that some of the pattern hues form a square and others a 
d-)decttgon. Care should be Uken that these figures are symmetrical and 

regular. described the constniction dodecagons were separated 

bv squares, but in the pattern next to be considered. Fig. 31, we shall deal 
with doiiecagons separated by equilateral thanglea with residual spacos 

such as E shaped like a dice-box. As before the repeat is a rectangle whose 

diagonal mnkea an angle of 60 degrees with the base. In the first of the 

three repeats in the figure. BT is a line dividing the rectangle into two equal 
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parts. Fmm the point C draw the line CD iiuikm^ an angle al 40 degrefti 

with the base BC^ and cutting the central line at D. AD in the length ot 

the radius of the tecjtiifcd dorlecegon* The upper part of thia repeat and the 
adjoiiung rep^^at show the separation of the tiodccagons by the triangles Pj F, l\ 
and the resulting rcaidtiul spac^ E of ilke-boA ali^pe. KELch dke-box contains 
two of the regular heptagf^ns uf tlie pottem, Btich as Q and F in the middle 

repeat. 

Commence fhe pattern by drawing in one ol these heptagons. This is 

most easily done by (.Irawing a heptagon of the reijujaite ake on a piece of 

tracing paper, from wliicli the outline of the heptagon here and at other places 
in the pattern may be pricked through where necessary. Having drawn in one 
of the heptagons as ut one of its sides IfJ is prolonged to the point K 
which is near the hiterrodiu^ LAI. The distance of K from the interradius 

should be sucli that thi; tri-Uibcfil pattern-sptu-e ab<tut to be formed has its 

three !olies as neatly of the tiame s^ize ha pcmaible. With the eentre M Rud 

the distance MK ile^icribe a circle nnd mark on eacJi side of each of its 

intetao(:tiotis by interradii points ai equal distances therefrom^ as K, The four 
hides of the hepUf'otiH itmt ure prolon^L'il %vil] titop ut these pointe. F'rani K 
flmw tite line KX, uhicL etiils on reuoLing an interradius of the (ludeenjrou 
Hi N. This Unej it ml] l»e ul>!tcrvc(l, iictirly but nut i[uite parallel to the 
radjiie SxM, its end M beini: u Uttle further from the mlius SM than k the 
other end K. With the reutre 11 mid the distance ilN draw a circle, ahowti 
in the figure by a dotted line. All pnttern lines ^niilar to KN end on points 

where this circle is cut hy interrudiL In uther words this circle is of such a 

size that the ray RNf^K of the star h broader centrally tlian it is pcr]pheraUy« 
and id cotuieqnencc tlie pattern is uot so stiff as would be the ease if the 
sides of the ray were drawn pnrtdlcL Stars with parallel rays, 1 am informed 
by ttijitaiii t’reswell, are more freijuent in older woth. 

A slight uiudification of the pattern is shown In the right-hand bottom 

corner. It has the same construction lines but the nmnucr of treatiny tito 
star Is slightly different. I'he method of flrawing it can readily 1>o seen and 

no sepumie description is required. 

It may be noted that in the above pattern each of the three sides of 

the triangle used in tlie couistrucdon is touched by the point of a heptagon. 
Should the sides of the heptHgons l>e prulonged from these points, then a 
regular hexagon wotdd lie ftimieil, An illiistratioFi of the pattern obtained in 
this way Ls to be found in Bourgoio’^s work (Ac Cfftit tttffftucs, Fig, 75). 

In Plate VII, Fig. 32, u i^aitteni basetl on decagotia ami regular jwntugous 
is shoivn. Here there is a reskhuil space of an irregular hexagoiiul shape, hull 
of which loniis an outline which may be called a " hitlf-hezagonand Is 
marked out by the letters TVYW. This tmure ixieurM frequently in geometiicul 
arabe.Hi|^ue eorstjmctioii line.'! ami I'ciieruily, ns in the present instiiiice, forms a 
patiem space shintei.1 fioiuewlmt like a hlutit Lirrow-heatl. The repeat of the 
pattern we are consUi*ring fits a rectaugli; whose diugou.i| u.ukcii iiti atmte ul 
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30 degrees with one side and 54 degrees with the adjacent side. The outlines 
of two repeats aft shown b the figure. The dbgoniilfl of one repeat, AD and 
BD, cross each other at the centre E. A decagon is required to be drawn roun 
Band quarter decapona wiU have to occupy each of the four comers of the 
rectangle. Thev must l>e of such a size th t the distance between any two o 
them will be equal to the length of one of their sides. To discover the requi* 
site abe the followbg procedure should be adopted :—Biflcct AE in an 
St the pomt K drew a Ibe (iH perpendicular to AE. Then bisect the angle 
R,4B hv the line AL. which will cut tlH at the pobt L. Again, bisect the 
angle ALH bv the line U. which will cross AK at AM is the radius 

of the decagon and IM the radius of the required pentagon. On the line 
FE mark o3 FK equal to FM. Then MK wiU the length of the side of 
the decagon and also of the side of the pentagon. \Sith these data the 
decagons and pentagons may be drawn as depictM b the u ** 

^ To construct the pattern commenco by placing the ruler m p^djoii for 
drawbg a line from N to 0. and draw in the Imes NT and OP. These two 
lines termbate near the centre at the points T and P ^here they meet 
radii of the decagon. Then with the centre E and the distance ET drew the 
cirele Bhoym b dotted outline. M\ pattern lines entering the decagon must 
end on this cireb at points where it is cut by bterradii, which latter have 
now to be drawn in. The lines drawn from the point P cto^ the cen s o 
Bides of the decagon at O and V. and on being prolouggd cut radii (not 
interradii) of ueighbourbg pentagons, as at g. With the ^tra of tb« ^niagon 
nod the distance Q describe a mrele, on which all pattern Im^ entenng the 
pentagon wUl end at points where it is put by radii. It should be o^W 
that PQ i^ in line with R8. If the clreles in other pentagons are repeated. 

r pill of on.™ -1 f” »< 

rf,toi^d. In tic cacc cl of the Iin« thet enter the 

heincon " The position of these is resaily found, howewt, by diewing piimlle! to 
^rCxZ uhS, will end within the hexngon whete it ceete the Une eonnng 

from the neighlioiiring pentagon. j . l .. 

In enrlier Sonuntnie work tie psttem is drswn ss deser.^ shove, tat, 
in Utec work line, such ss OP snd XZ sr. not drawn esnotly pntaUel bnt 
.ppresirh esch othsr oulwnrdly. Tta yaiinnt of tho pattern, so far a, my on- 
oetience of it gow, b that met with b India, 

^ An allied pattern is shown in Kg. .13. H niay >» - f 

- .t honisr of a lar® stone psnri in Birbel’e House at bathpardslkc. As 

tta tsttem has a width at the sides difietent from that at lbs top and 

the patte designer deserves con- 

bottom, tt u. but The eonrttoetion 

r‘“‘“‘'L,ro^hZ of o' "baX'-e-guo." 

bncs consist _ ^ ^ triimgnlar spacos, eacli of whk'h ia 

the triangle thst would be fotmml by drawing Un» tom two a^e. 
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of A decAgan to its ceatre. The pattern should be begun by drawing the 

lines that pass through the centres of the sides of the half-hexagon. The 

position of the lemaining lines is easily fc»und. 

At the entrance to the largo mosque at Fathpur-Sikfi is a mosaic panel 
consisting of marble pattern-piecos let into red sandatone. The design, illus¬ 
trated in Fig. 34, is based on a fourteen-sided figure that may conveniently 
be designated a “ 14-gon." Each 14-gon is separated from neighbouring 
14-goas by squares. Certain radii of the l4-gon are prolonged and form 
irregular pentagons (such as M) and a " residual space ” L having the 
lomi of an elongated hexagon. The repeat of this pattern requires a rectangle 
whose diagunal CB makes an angle with the base CD of fifty-one ami four- 
sevenths degrees. This angle is the seventh part of 360 degrees. To find 

the required sijiu of the 14-gon proceed as follows;—EF is the vertical line 

dividing the rectangle into two ef^iiat parts, and the centre of the rectangle 
is at J, Divide the angle CJK into three equal ports by the lines CJ and 
HJ, From the point D draw the line DK at an angle of ^7 degrees with 
the base CD. Thui line intersects JO in K, and J£ is approximately the re¬ 
quired radius of the 14-gott. The exact size can lie readily obtained by tnal 

and errorr it helug required that the length of a ude of the square shall be 
equal to the length of a side of the 14-gou. 

Having drawn in the primary construction lines, the pattern should be 
commenced by drawing the lino NO which pas-ses through the centres of two 
sides of the elongated hexagon. This line ends at N where it meets the radius 
of the pentagon M, As the pentagon is irregular the position of its centre 
must be chosen arbitrarily. Witli the point chosen as centre and at the distance 

describe a circle, jUI pattern li»e.s that enter the pentagon will end on 
this circle at points where it is intersected by its radii. The second pattern 
line to diBw ts NP* This passes from the point N througli the central point 

of the adjacent side of a 14-gon and ends when it reaches an interradius of 

the latter figure at P. Then with the centre .1 ami distance Jl’ describe n 
circle. All pattern lines that enter the H-gon end on this circle at points 
ol intenwetion witli interradii. The cirdew being repeated in each pentagon and 
14-gon the lenifiining constmetien is simple. 

I'late VIII, F'lg. 35. illustrates aunther 14-goii design, hut this time the 
l4-gona are scj>arated by heptagons, occujTmg in pairs. The heptagons of 
each pair overlap each other by two si ilea. The repeat requires a rectangle 
whose diagonal makes an, angle with the base of fifty-one and tliree-seveuths 
degrees and may he obriiinetl in the following way. Draw the horizontal 
line AB and the vertical line AC. At a convenient distance, as C, draw 

aiiothi’r horizontal line CD. With the centre A deserihe the arc EF, which, 

ill orilct ro liiniioish errorn in nieaHureinent, should he as largo as possible, 

and divide the arc into seven equal parts. Mark off these parts by lines 
driiwu from the arc to the point A. as indicated in the figure and 
iiuuihered I to 6. Line 3 la continued till it reaches the upper horizontal 
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line .t D Then CD i. the wWD. nl the teetnngle renmietl. GH is » 

Ibe d..«T> horinontnll)- through U.. eenll. of th. r«tnngle end l^e ISo 1 
cut. it »t J. GJ io Ui. ndin. of the U-gon The ^tre of ^ 

eonetmction hepfogo. te .t the p«nt Y tthich in .bt.u.«l 
the interradiue OX tiU it cute AC. The heplegon » *“ 

length of any one of it. nidee in eqnel to the length of the side of Ite 

U-gon. Dencrihe e eitcic nronnd the centre of oKh hepta^n o sue 
slon that it tonche. the eircle dnwn in the neighhonnng heptagon an at the 
point H-Oien dran in the radii uni interoujil of the heptagon. In eae 
heptagonseven-pobted etar i. tegnired. All the lines ^ 

tllngh points of intensbtlon of the eireic H ndlh radn an indicsted ^ ' 

Coniineoce th. pattera by drawing the lines h and W ni hn . 

another Tlie« two lines end centralJ)* at pomts whera they ^ck latei^du 
of the heptagon, Tho limit of thoir outer enda may be left nndetermmed for 
the moment. Two other lines of the Htar Marly n.'bne w. h one Mher 
and ending internally at similar points arc drawn at H and Si. _ 

in. lines of the star are put in in the flame manny and ne^ no further 
delription. ft wiU be Aeen that the Id-gons and jlepta^na leave reaid^ 
spaces of a dice-bo. shape, such a- KL and each dice-box has to 
pattern heptae,.nai which should be drawn in. Prolong one of the sid^ of the 
pattern heptagon into the construction heptagon aa far as the ^mt , 
rLte tL line M of tJ. star. Kow with the centre of the coy true tion 
heptagon and the tlirtance P describe h ciyle. All the lines of the yven 
pointed star wUl tenmnate outwardly on this circle. R ' 

the pattotn heptagon into the neighhauring 14-gon till it yaches pomt R. 
which is situated near an interradiuo. With the centre ^ t ’ *■ 

CR describe a circle and mark off on it points equidistant from each mtey 
radius as B ia dkUnt from an intorradius, such as V, V. These pomts mi b 
outer ends of the pattern lines tliat make the U-rayed star which occupies 
the U-^n. From R draw- BT nearly but not quite paralJd to SC, the poim 
T being on an interradius. With the centre C and the dirtance CT doscnl« 

« ciiole- All lines of the star will terminate eentmlly on this circle whey it 
is inteisected bv interradii. When completing the pattern it is conyement to 

draw a heptagon of a siae to fit the dice-box ® 

paper and to transfer it to tracing paper: then with the help of the latt.r 

each of the pattern heptagons ran easily las drawn m. 

In the pattern just rlcscribod twinned heptagons fit exactly a 14-gou 

We udli now ruimder a pattern, in which twinned yptogons are 
^nlicd at intervals to the circumference of a IC-gon, to wM 6^e ey 

do not fit exactly. In the construction lines are also inchMed dodyagons 

The rectangle requited for the repeat of this pattern is a aiiuare. Tlie first 
iB to find the requisite slse of the various construction polygons 
emploved. This may be done by the following method, which is Olytrated m 
i-ig 36. The letter A marks the centre of the repeat. Divide the^ygle 
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BAC into four equal parts, and prolong the line forming the uppernioet 
of these parts till it meets the side of the square at D, Then D is the ceDtre 

of the heptagon. With the centre D and any rodiua doeoribe the Bcmiciiclo 

KE, and divide ita circumference into seven equal parts as abown by dotted 
lines leading t-o the centre D. One of these, lines DF cuts the horizontal line 
AC in F. Then AF is the radius of the lequiml Ift-goo sn<i DF that of the 
heptagon. Continiiijig, mark off CG equal to CD : and G then is the centre 
of the second heptagon. Draw in these heptagons and those in corresponding 
positions on each of the other three aides of the square. Along the diagonal 
of the square mark off AT equal to AF, and join the puifit T to angles 
of the neighbouring heptagons. By repeating this construction along the other 
diagonals the 16-gon is completed. It will be .seen, however, that the sidefl of the 
p6-gon thus obtained are not all quite of equal lengths, a fact that will have 
to bo allowed for when the drawing in of the pattern is begun. A quarter 
of a dewiccagon is shown occupying eftcli of the four coniere of the square. 

It ifl constructed by markmg off the psint U on the diagonal at *an equal 

distance from the centre X as the point W on the heptagon already drawn. 
By joining U to the neighbominR heptagons the quarter dodccaj^n is completed. 
To make the pattern, commence by drawing one of the pattern heptagons 
that occupy the dice-box-shaped residual spaces, as at II, and prolong two of 
its sides to the points J and K. As in the prei.ious figure (Fig. 35) it is 
convenient to draw this heptagon with its prolonged aides, in the first instance, 
on another piece of paper and to transfer it to tracing paper. The tracing is 
then placed on the dice-box outline in such a position that one angle of the 
heptagon coincides with the point Z, which is the centre of a side of the con¬ 
struction heptagon whose centre is at G. Then the tracing is rotated a little 
to and fro until the lines J and K are equidfstant from the adjacent sides 
of the polygona over which they are lying. The point j is then pricked 
through near the interradius AT and K is pricked through near the inter- 
radiits of the comer dodecagon. With the cenlre A and the distance AJ de¬ 
scribe the circle S, All the outer ends of the rays of the lA-pointed star about 
to be drawn will end outwardly on this circle. Now a dMcuJty occurs in that 
the eidea of the Itt-gon ore not of equal length as already pointed out, Hcuco 
if the rays of the star were onenteil on the intarradii, they wniiuld he of un¬ 
equal width or would appear to be at miequa! distances from each other. 
It ia therefore advisable to repeat the circle S on another piece of paper, and 
to divide the circomference into Id equal parta. A pair of dots corresponding 
to each of the lA divisions is then marked on the circumference. A second 
smollei circle for limiting the inner ends of the ra>^ is also described and 
likewise divided into 16 equal parts, the divu^ious being also marked by dote. 
Both these sets of dots are then transferred to tracing paper and by ite meana 
can be pritrked through in their correct poKitious on the drawing. The lines 
forming the rays of the star are drawn in to these dote and thus the rays 
are made of equal breadth and are equidistant. 
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A eeven-pointed stAr is Dow required to be drawn in iMicli construction 
beptAgon. Commence by describing in each beptagon a circle of sucli a siAe 
that it toucheft a similar circle in the neighixraiing heptagf>ii. Roch of tUe 
lines forming the star will have to pass through a pomt of intersection of a 
radius of the heptagon with tliis circle, and they have to he drawn parallel 
to an adjacent intertadiits. For instance SO and LM are each parallel to the 
interrudiuB PR. Centrally all these lines terminate where they meet a 
radius, and extotnally either where they meet lines coming from the dots on 
the Ifrgon circle, us bdicatetl in the line finishing at L, or where they meet 
lines formed by prolongation of the sidea ol the small pattern heptagons. 

The pattern shown in I'lute IX. Fig. SnA, has the same main construction 
lines as the preceding one. bnt the ilrawing of the pattern is carried out m a 
very different way. In all previously described geometrical anibesquefi, a pair o 
pattern lines fornimg a letter X crossed the centra of each side of each polygon. 
In the pattern now to be considered two X s o(^ur on each of the sides of 
each polygon and pesfl through the two points formed by dividing the sides 
into three equal parts. The pattern lines pass through the points thus obtained. 

Commence the pAttem by drawing a aeven-pomted star m each wnstnic- 
tion heplagon- The star ennsists. not of parallel rays, hut of overlapping 
trienguloid fignica. The easiest way to draw these is to make m each hep¬ 

tagon a smaller heptagon (such as A and B). The dimensions of the^ snialler 
heptaoons are smb that one side is common to both, as FM. Each side of 

the small heptagon is divided into three parto by pointo ^uch as C. 

F. The parts thus marked ont are not quite equal, the central part being 
maile a little larger than Its neighbours. Begin the star by drawmg EH in 
line with the points E and C and ending ^t H. this being the point where 
it meets a radius of the smaU heptagon. With the centre of the heptagon 

and the distance H describe a circle. All the inner ends of the pattern lines 
lying inside the small heptagon end on this circle at points where it is m- 
teraected bv radii, as at H. The outer ends of the lines teiminate at the 
points already marked out on the sides of the small heptagon, such as at E 
and F To'complete the trranguloid figures lines are drawn from the i»mta 
just mentioned, and from diuilar points, through the imints of division of the 

sides of neighbouring polygons, such aa at J and S. . ^ , 

The lilies forming the rays of the KbpomUd star of the l«.gon, msteiul 
of being drawn straight as more usual, are shown as curved. Btinrgoin a wor 
contain many examples of curvilinear geometrical spabetKine psttoms formeti y 
replacing some or all of the straight lines by curves. As the ^ttom here 
illustrated was drawn by me from memory, it is possible that it does not 
exactly repreaent the ongimil. But when dealing with curves there is plenty of 

lOom for variety of trejitmetit. , , ^ 

This combination of iG-gon, dodecagon and twinned heptagons appears to 
have been popular with the Arabian arfc«ts. Patterns drawn on this bawa are 
shown in Plates 131 to 135 incLnaive of Bnigom’s Le Irak de* enfmoct. 
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We iriU now comider an example of a wldeljr used class of pattexns based 
on decagons combined with spindle-shaped figures, the latter being derived 
from decagons. For inatance the spindle-shaped outline CH in Plate IX, Fig' 
37, may be drawn with the assistance of a template cut oat in cardboard to 
the shape of a decagon. placed in the position indicated by the letters 

F,0,H,J,K,L,0, the sides CF, FG and GH of the spindle, may be drawn in. 
The template is then shifted so that the point J coJncidee with H and the point 
O with C. Then the remaining sides of the spindle namely HM, llN and NC 
non also be drawn in. The draftsman wtU probably find it more convenient 

to draw the decagon on tracing paper end after placing it in the necessary 

positiooB to prick through at its angles with a needle. To find the eko of the 

decagon, the following very simple procedure sufficesL—The diagonal of the 

repeat of this pattern makca an angle with the -vertical side of one-fifth of a 
right angle, or 18 degrees. Divide .the angle at A into five equal parts, which 
are indicated in the figure by dotted lines. The upper one of these lines, AG, 
cuts the central vertical line at the point C. AC then is the radius of the 
decagon required. 

Thfl pattern is easily censtmeted by drawing a pair of lines through the 
oentcss of each side of each polygon. It will be notod that the pattern lines 

form pentagons such as C, N and fl, and, as it is neceasary that they should 

be qnite regular, the best method of achieving this is by drawing circles itv 
contact, as shown at E,£, taking c.vre that the crossings of the pattern lines 

take place on the circunsierences at equidistant pointe. In the construction, 

decagons, whose centres coincide with the comers of the repeat, and of which, 
accordingly, quartew only are drawn, star-shaped figures of the usual kind 
ate shown. A similar star might he drawn in the decagon at tlie centre of 
the repeat but, instead, a difierent treatment has been adopted. Each of the 
pattern lines ^hat enters the central decagon tr contiimed, in the first iostance, 
only till it meets a rsdms. A space, in which a pentagon surrounded by 
small loaenge-shaped figures has to lie drawn, ia thereby obtained. This pen¬ 
tagon should be made the some size as other pentagoos of the pattern. By 
proJongiiig its sides and also the sides of neighbourmg pentagons the loxenge- 
ahaped figures are produced. 

The pattern shown in Fig. 38, is to be found on the soffit of an 
arch in the Hakim’s bath at Fathpur-Sikri. ft is a must unusual design in 
that it contains eleven-pointed stars. One may wonder what can 'have 
itimulated the artist to design a pattern so difficult to draw, iwjd one that the 
oediuaty observer coulil not easily distinii^uiBh frt^in other patterns more eoaity 
act out, and which, from its uature, moat inevitably have lacked the symmetry 
that Muha mmadan artiste aimed at in their work. On the margin of a rough 
copy of this pattern, that L made more than twenty yearn ago, exe some partly 
oblitemtod notes deficribing a method «f drawing it that 1 appear to have 
discovewd. It is unlikely, however, that this wua the method used by the 
original artist, it beiog mors probable that he drew iu the pattern roughly 
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with thft aflfliatance oi ordinary oonatruction lines and tien rectified it by 
freehand. Nevertheleae aa a curioaity it may be pertniasible to deacribo my 
method in an far aa it can be deciphered. 

The notes say:—"Make a dodecagons] template whose diagonal [a eqnal in 
length to one-thini the width of the panel. Pin it down at its centre and 

draw in the sides A and B (as shown in the ontline at the aide of Fig. 38). 

Motate it through half the central angle C and draw* in the aides D, E and F. 
Rotate the template through a quarter angle and draw in the aide fl. Then 
(presumably after returning it to a neutral position) rotate through a 
quarter angle in the other direction and draw in H, Join the ends of these 
aides, thereby making an irregnlar tl-gon which may be cut out in cardboard 
and used oa a template. Thus is drawn the construction outline for the group 
of four eleven-rayed stars that occupy the centre of the repeat. Also make a 
template from a regular decagon, the length of whose aide is equal to that 
of the side of the dodecagon originally used. This template is used to mark 

out the radii (not the side^) of the eight-rayed fignre Z., The construction is 

seen bo include several Bpbdle-shaped figures similai to those made by over¬ 
lapping decagons. The aides of the spindles K and L ar* respectively equul in 
length to the short and long sides of the ll-goii. The kidea 0, F, <) and R 
are -drawn by means of the decagonal template. From the centre M at diS' 
tance N describe a regular dodecagon. Commence the pattern by drawing a 
line such as ST. This passes through the centres of adjacent sides of the 
il-gon and of a side of a spindle-outline. The mtersection of this line with 
an interradius of the 11-gon at 8 ladicatos the sire of the drcle required for 

drawing the remaining parts of the IJ-rayed stars." On drawing the pattern 

by this method a certain amoont of freehand rectification will be found necessary, 
but not so much as would be the case if the above dlrGOtioos are not followed. 

Another example of singular idgenuily is presented by the pattern illus¬ 
trated in Plate X, Fig. 38. which Ls peculiar in that it contains fifteen-rayed 
stars. The construction lines are easy to draw, A dodecagon is placed at the 
centre and. is surrounded by six 15-gons, which will be found to fit 
very well. The length of the aiiles of the 15-gon and of the 12-gon 

are equal and the dodecagon is separated frooi the snrrounding l6-gons 
by triangles. The ‘ remaining residual spaces are dice-box outlines and 
triangles. In making the pattern, letter X*s have, as usual, to be drawn 
through the centres of each aide of each of the “ gons.” A pattern line in no 
instance crosses two of these centres and hence the directions of these iinea 
must be a matter of guess w^erk. But the gacBsicg is cosy and there is no 

special ditficulty in drawing the pattern. The design is taken from Bourgoin 
(X« trait des etUrefoev, Plate 128). 

Much ingenuity » also shown in the constmctiim of the pattern illustrated 
in Fig. iO. The construction^JjBBii^are made from 18-goaa and dode¬ 


cagons, which are first dra' 
of the dodecagon are a 



way that alternate pairs of tudea 
of sides of the i8-gon, [tsaving 
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residual spaces of diec-bpx sliapo. Hail-liexa(;Qiis, wliose size must be guessed, 
are aow drawn in coatart with those sides of the dodecngon and the l8-gon 
that abut on the dice-bus outline. The overlapping sides of rhe polygons are 
not requited and where they occur their place is taken up by two irregular 
poDtagons. CoDimence the pattern by drawing one of the heptagons that 6t 
into the dice-box outline and prolong certoiu sidca of this heptagon to pointa 
near the inteiradii of the Urge polygons. These points indicate radii of circles 
that shonld be drawn in to limit the length of the i2-rayed and 18-rayed stars 
of the pattern. The unsytnnietncal construe don pentagou leads to an irregular 
dve-pointed star, and this may give some trouble w;heu drawing in. as its lack 
of synunetiy must he veiled as much as poBsiblo. 

Plate XI, Fig. 41, ahows a pattom that includes seven-rayed stars, [t is 
a peculiar pattern l»ecause the repeat is nut a rectangle, as is usual, hut a 
rhomboid. Along the lung side of the rhomboid the repeat ia reveraed, and 
hence, when looked at w’ith the long allies -ol the rhomboids in a horizontal 
position, each repeat appears as the looking-glass reflection ol ita neighboiitw 
above and below. Thia pattern is drawn with the help of slightly overlapping 
heptagons grouped tu fours round u square apace, and is a ooniowhat coiifiiS' 
ing one to construct. It ia from Bourgoin, Plate 170. A cundlinear design 
on the same construction lines and much easier to draw is given in Bourgoin's 
Lt fraif des cittrcfucs, coloured plate No. 111 . It ia taken from tJie mosque 
of Sultan Kait Bey (1487-1495), 

A singtilac example of the skill and ingenuity of the Moorish artists is 
all own in the pattern drawn in B'ig. 42. Comipence by dividing the angle ABC 
into four equal parte os indicated by dotted lines. Two of these Jinica. ED 

and BE, are used in the next et.ago of the constructiou. One of fAem, BU, 
meeta the. line C8 at D. I) is tlie centre of an octagon, of which four indca 

only will be drawn. To bnd the raiUua of tliU iucomplete octagon, draw from 

D eight tinea making equal auglea with each other, one of which, DE, meets 
the lino BE at E. D£ Is the rudiue of the mcoinpletc octagon. Draw in 

four of its Htdea as shown, and pTrxlucc one of the radii, DF. to G. From 
G mark off Gil equal in length to DE. and with the point H aa centre draw 
an octagon with radius HG, Make AJ and AK equal- in length to .AB, and 
round the pointa J and K describe similar octagons. .loin the adjacent idilea of 
these octagoEU} by lines such as QR and OF. The i^ult of this construction 
ia that the point D now Lies m au irregulivr heptagun, which should bo rcpeateil 
at N, L and M. An octagon of the same size as the others is then drawn 
round the point A. The reraaining construction Imca need no detailed deacrip- 
tion. The side of the 16-gon (a quarter of which occupieft each comer of the 
repeat) is of such length that the sides of the rays of the l8-raycd star are 
nearly parallel. This ia achieved by jmiking the side UT of the IS-gon cqnal 
or approAunately iN|Ual to KG. Having made those conatruction line.! tho actual 
drawing of the pattern is quite simple. Each oi'tagou is the basis of an eight- 
pointed star, whose rays arc mode by lines parallel to one another. 
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The origmal pattern, from which tJiat juat described«waa GFolved, appeara 
to bave b^E one^ m which there wae a quarter, of a sixteea-rajed etar al 
each comer of the repeat and a complete 16-rajed etar at rta caatre A. The 
octagons D and L wei^ complete and the apaoe between them wna oocnpied 
elongated hexagona and the octagons J, H and K did not exkt at all. 


4 FLORAL ARABESQUES. 

The straight lines of a geometrical arabeaqne pattom can be replaced. In 
many instances, by mirved lines with improvement to the aesthetic ellect. 

Probably very many of the mom complicated corvilineaf or Bora] arab^que 
desij^ have as basis a straight line pattern. Bourgoin points out one instance 
of this and my good fortune led me to discover another. 

Plate Xn,*Fig. 43^ is copied from Bourgom {Les Uime^Us de FAii Arab^ : 
hr des mlreUxc^t coloured plate Ko. IX) with an indication of the 

geometrical pattern, on which it is based, added. Plate XQ^ Fig. 44, copied 
from Boorgoin (£eff ArU drobeSp Plate 44) pFesente a design from an 

inlaid marble in the Ciamah mosque in Cairo. It is baaed on the arabesque 
pattern illustzated in Plate VI, Fig. 30. Bouigoin also gives two modificationa 
of this pattern in Plate 50. In one of these, with great skill the Arab artists 

have squeezed and modified the design so as to make it fit a circular apace, 


5. DECORATION OF DOMES. 

The Muhamniadan artists in Fathpux-^ikri were wonderfully successful in 
drawing patterns on curved sniiBCes and in making them fit a surface euch ae 
that presented by the interior of a dome. Take for instance an octagonal 
room eurmoTinted by a dome, and suppoaipg that on each of the eight sides 
of the room is an arch which tatea its part in supporting the dome^ then 
it usually happens that the triangular space, or double spandrilj between 
adjacent arches is continued upwards in the fonn of a pendentive into the 
inner surlace of the dome^ This bung the case, a georoetideal arabeaqno pattern 
will fit such a space If (1) the apex of the interior of the dome and (2) the 
apex of each of the eight arches are all occupied by centres of stare of the 
pattern. This end is achieved m the following very ingefuons manner^ 

Take a decagon^ A, in Plate Xltl , Fig- 45a, and draw iu the, ten radu 
as shown. The surface of the decagon has now been divided into ten tnangles 
of pimilar shape. Now cut out the decagon in paper and again cut out and 
discard two of the triangles as shown in Fig. 45b. U the cut edges CD 
and CE are Joined together, the piece of paper will be bent np into the shape 
of a cone divided into eight equal tnan^es. As these eight triangles have 
been derived from a decagon, each is of a suitable shape for fitting into it a 
decagotml pattern. Ifc is in fact ea^y to design a decagonal pattern having 
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three statHihapei] itpoceti, whoae centrea coiDcjde witli the three &aglea of each 
triangle. The bu'ldeci of Fathpur-Sikrij ua a mle^ nmrle the iGtariar of their 
domefl of auch a corve aa to oorrespond with a oone made in the mimiier 
juat deflcribed. Hence we find the intcriocg of domes supported on square or 
octagonal bases ornamented HutroesafitUy with deciigoiifil pattoma. Aa an example 
Fig. 4B presents a pabtem cxeouti^ on a tnaiigufar area equaJ to ons-eighth 
ol a doniod surface. At the top, near the apex, the eonfitruetjon Imes itielude 
three of the apihdle-ahaped figures that were descnheiJ provioiisly as being 
fonned by the overlapping of decagoua. Then below follow five decagons in 
contact, and in the apandriJ space another spindle. With the aid of these 
coiv)tnit;tjon lines n sj'ntmetrica] decagonal pattern is easily flinwn. 

Another example ol dome decoration is shown in Fig. 47. The constraotiim 
tines consist of a Acries of decagons in contact with tfioe-box outlines aa 
reoidual -spaces, and near the apex of the dome spindle outlines are aJso 
introduced. The actual drawing is quite simple oa many of the linee of the 
pattern cross through central points of two constmetfon lines and thus have 
their direction fixed at once without having recourse to further meoaurementa. 

Fig, 48 ahowa the decoration of the interior of the two half domes in 
the Agra Gateway in the outside wall of Fathpur-Sibri. The conatniction 
lines Rondst mainly of overlapping tiecsgpna. Near the lower margin of the 
patten) is shown a complete decagon, which by ordinary treatment should 
produce a decagonal star, but, by leaving out parts of the star (as mdicated 
by dotted tines), space is found for a pimtagon sorFuimded by five oniaJl 
lozenge-shaped figures. This type of pattern has been explained in fletail in 
the desotiption of Fig. 37. 

In the instances of dome decorntion above described, the curve of the 
dome was such that it Trembled u cona made from eight decagonal 
It may, however, happen that the dome is of that shape above but is steeper 
below. Should this I»e the cose the surfasc to he decorated will not resemble 
the above cone, but will be mote similar to a shape formed from the outline 
shown in Fig, 49a. This is derived from the orig inal construction, but from 
each triangle a small piece has been cut out from each angle at the baae. 
If the outline ia cut out, on bringing the cut edges together, the upper part 
of the cone will have the same degree of curvature as before, but the lower 
part will be steeper. fSuppoaing the design employed mclmfes Ktare of ten 
rays os indicated by the small cirelea in Fig. 40b, than, owing to the cutting 
out of port of the area on which the star is drawn, it -may happen that 
exactly uue ray of the ten-royed star U lost. Thus the completed design will 
he found to contain nine-rayed stars, though it has been construeted on a 
licfragoaal basis, 

.\n example is ahown in Fig, 60. In the figure the point A is at the 
centre of a decagonal star, of which only four-and-a-hulf rays ore drawn, 
li » obvious that, if another aimilar figure is placed next to this one so 
that the edge AB coincides with its cotinteipart, anothor fouc-and-a-half rays 
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will be added, tnaklng u total of nine. Tbua we ahaQ find in the pattern 
a nine-rayed etar bnilt' on a decagonal baaia. Tbia particular pattern occun 
on the interior of the amall dome surmounting the Hiian Uinar at Fatbpur- 
Sikii. 

t have now doHcribed one direction in wbtcli dome decoration evotved, 
namely in tbe gradually increaaing complexity of geometrical patterns drawn on 
a smooth sorface. Rut at the same time eirolutioii was proceeding in another 
direction. In the Hakim’s Bath at Fathpur-Sikii are instances where a single 
star of on arabesque pattern oocnpies the whole of the inteitor of the dome. 
In this case the surface is not smooth but tbe lines of the rays of the star stand 
out, tbe plaster being carved away from each side of them. The next stage in¬ 
troduces dome decoration based on a pattern containing several stars. In the older 
examples the stai-centrc is always horisoutaL, and the points of the star are 
connkited to other star centres by the pattern lines sculptured out in roUef. 
Examples of thia stage are viaibfe in a ruin known as tbe Gsra-duiji-ka-makan 
at the base of the west side of the Fathpur-Sikri hill. Tit slightly later 
examples the star centre is not horizoatal but somewhat incUnod, In still 
later examples tbe elope is more pronounced until at last the starrenties 
lie completely in the same plane as the rest of the domed Borfoee, and, at 
the same time, are increased in number. Ail trace of the oiiginai oonvenUonal 
pattern is then lost. The star centres, often simplified is shape, become 
merely points from which lines are drawn to other similar pointe. Thus at 
length, by the gradual decadence of the geometrical habit of the pattern, we 
arrive at the so-called “ cobweb designs found in the half domes of the Taj 
Mahal and its surroundieg buildings. 

My beat thanks are due to Mr. J. F. Blatdston, Superintendent, drchceologicid 
Survey of India, Muhammadan and British Monuments, Northern Circle, for 
afiording me facilities in preparing this paper and also to Faduddiu, Drafts* 
■waft in the Archffiotogioid office, for the great skill with wlilch he has either 
touched up or made fair copies of my somewhat rough drawinga. 


E. H. ILanxin. 
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